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PROBLEM TO BE SOLVED: To surely prevent the 
position deviation to a rotary shaft of a 
cylindrical member. 

SOLUTION : On the outer peripheral surface of a 
large diameter part 3A at the end part of an 
output shaft 3, plural axial direction grooves 11 
extended in an axial direction and a peripheral 
direction groove 12 continued in a peripheral 
direction are formed. The axial direction grooves 
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11 are formed between both end parts of the large 
diameter part 3A and the peripheral direction 
groove 12 is formied near a part where the end part 
of the cylindrical memiber 10 is to be positioned 
at the time of fixing the cylindrical member 10. 
Plural semispherical projections 13 are formed at 
the position slightly recessed from the lower end 
part of the inner peripheral surface of the 
cylindrical member 10. The number and forming 
positions of the projections 13 are made to 
correspond to the axial direction grooves 11 and 
the height of the projection 13 is turned to be 
about the same as the depth of the axial direction 
groove 11 . At the time of fixing the cylindrical 
member 10 to the large diameter part 3A^ the 
cylindrical member 10 is positioned in the 
peripheral direction with respect to the output 
shaft 3 by fitting the projections 13 to the axial 
direction grooves 11, then the cylindrical member 
10 is pushed in, the end part is brought closer to 
the peripheral direction groove 12 and the end 
part of the cylindrical member 10 is caulked to an 
inner side and gnawed into the peripheral 
direction groove 12 in the state . 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated, 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention aims at improvement in reliability especially about the torque sensor 

which detects the torque generated in the axis of rotation, 

[0002] 

[Description of the Prior Art]There are some which were indicated as this kind of a Prior art by JP,8- 
240491 ,A which these people proposed previously, for example. While the torque sensor indicated by 
this gazette connects the 1st and 2nd axes of rotation allocated in the same axle via a torsion bar spring, 
The cylindrical member which consists of a nonmagnetic material with conductivity so that the peripheral 
face of said 1st axis of rotation may be surrounded. Consider it as one and the entire-covering enclosure 
part of said 1st axis of rotation surrounded by said cylindrical member at least is formed in said 2nd axis 
of rotation and a hand of cut with a magnetic material. Form in said entire-covering enclosure part the 
slot which extends in shaft orientations, and to said cylindrical member, A window is formed so that lap 
condition with said slot may change according to the relative rotating position between said 1st axis of 
rotation, a coil is allocated so that the portion in which said window of said cylindrical member was 
formed may be surrounded, and torque is detected based on the inductance of the coil. 
Highly precise torque detection can be performed with a simple structure by this, and the effect that the 
miniaturization of a device is moreover also attained is acquired, 

[0003] 

[Problem(s) to be Solved by the lnvention]ln order surely to secure the high reliability of a torque sensor 
as a result of this invention person's etc, inquiring wholeheartedly although the above effects can be 
done so if it is the conventional torque sensor indicated by the above-mentioned gazette, it turned out 
that the fixing structure of the cylindrical member to the axis of rotation is important, 
[0004]Namely, since the axis of rotation in which this is fixed is formed from iron etc, to a cylindrical 
member being formed from aluminum etc, in the case of a torque sensor which was indicated by the 
above-mentioned gazette. Both coefficients of thermal expansion differ in many cases, then the holding 
power to the axis of rotation of a cylindrical member is changed with temperature in the structure which 
presses a cylindrical member fit in the axis of rotation, and holding power may be unable to be 
maintained. And if holding power declines, the hand-of-cut position and axial position of a cylindrical 



member to the axis of rotation will shift, and detecting accuracy will fall. 

[0005]This invention is made paying attention to the issue which such a Prior art has and which should 
be solved, and can prevent certainly the position gap to the axis of rotation of a cylindrical member, and 
an object of this invention is to provide the torque sensor with which it has and high reliability is acquired. 

[0006] 

[Means for Solving the Problem]To achieve the above objects, it has the 1st and 2nd axes of rotation that 
this invention was allocated in the same axle, and were connected via a torsion bar spring, Fix to an end 
of said 1st axis of rotation so that said at least a part of 2nd axis of rotation may be surrounded, and a 
cylindrical member The cylindrical member. In a torque sensor which detects torque based on an 
overlapping state with said 2nd axis of rotation. Form two or more shaft-orientations slots which extend in 
shaft orientations, and a hoop direction slot which followed a hoop direction in an outer-periphery-of-end 
side of a side which fixes said cylindrical member of said 1st axis of rotation, and in inner skin of said 
cylindrical member. By forming two or more projections which fit into each of two or more of said shaft- 
orientations slots, and fitting said projection into said shaft-orientations slot, A relative displacement to 
shaft orientations to said 1st axis of rotation of said cylindrical member was prevented by preventing 
relative rotating to said 1st axis of rotation of said cylindrical member, and closing a portion attached 
outside said hoop direction slot of said cylindrical member. 

[0007]As for said shaft-orientations slot formed in the 1st axis of rotation, it is desirable to consider it as a 
product made from cold forging with stopper structure formed in the 1st axis of rotation. A stopper here a 
relative rotating angle of the 1st axis of rotation and the 2nd axis of rotation. It is a stopper for regulating 
in a predetermined angle range (about **5 times), for example, it is formed in heights (male stopper) 
which project in a diameter direction formed in an outer-periphery-of-end side of the 2nd axis of rotation, 
and the end face of the 1st axis of rotation, and comprises said heights a little in a broad crevice (scalpel 
stopper). 

[0008]And a shaft-orientations slot and stopper structure (in said example.) If a scalpel stopper is made 
with cold forging together, at the time of an assembly of each member. If a hoop direction of a cylindrical 
member is positioned by making a projection fit into a shaft-orientations slot of the 1st axis of rotation 
while combining the 1st axis of rotation and 2nd axis of rotation according to a stopper center valve 
position, an assembly phase of a cylindrical member and the 1st axis of rotation will also be guaranteed. 
On the other hand, in composition which presses a cylindrical member fit in the 1st axis of rotation, 
performing phase doubling of the 2nd axis of rotation and a cylindrical member, after combining the 1st 
axis of rotation and 2nd axis of rotation, a cylindrical member must be pressed fit in the 1st axis of 
rotation, and an assembly process is complicated and serves as a cause of a cost hike. 
[0009] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described based on a 
drawing. Drawing 1 t hru/or drawing 6 are the figures showing the 1 embodiment of this invention, this 
embodiment applies the torque sensor concerning this invention to the electric power steering device of 
vehicles, and drawing 1 is drawing of longitudinal section showing the important section of a steering 
system. 

[0010]First, if composition is explained, in the housing 1 which consists of the upper part housing 1A and 
the bottom housing 1 B, the input shaft 2 and the output shaft 3 which were connected via the torsion bar 



spring 4 are supported by the bearings 5a, 5b, and 5c, enabling free rotation. These input shafts 2, the 
output shaft 3, and the torsion bar spring 4, It is allocated in the same axle, in the position which entered 
deeply in the input shaft 2, pin connection of the upper bed side of the torsion bar spring 4 is carried out 
to the input shaft 2, it is united in the hand of cut, and spline combining of the lower end side of the 
torsion bar spring 4 is carried out to the output shaft 3, and it is united in the hand of cut. The input shaft 
2 and the output shaft 3 are formed from magnetic materials, such as iron, 

[001 1]And the steering wheel is attached to the hand of cut at one via a universal joint, a steering shaft, 
etc. which are not illustrated in the upper bed part of the input shaft 2, and the pinion shaft 3a is formed 
in the lower end part of the output shaft 3 at one, and the pinion shaft has geared to the rack shaft 6. 
These pinion shafts 3a and the rack shaft 6 are what constitutes a publicly known rack and pinion type 
steering system. Therefore, the control force generated when a driver steered a steering wheel is 
transmitted to the steering wheel which is not illustrated via the input shaft 2, the torsion bar spring 4, the 
output shaft 3, and a rack and pinion type steering system, 

[0012]furthermore -- the output shaft 3 -- this and the same axle -- and the worm gear 7 rotated to one 
was attached outside, and warm one 8b which were formed in the output-shaft 8a peripheral face of the 
electric motor 8 have geared with the engage part 7a made of resin of this worm gear 7, Therefore, the 
torque of the electric motor 8 can give now the suitable steering assistance torque for the output shaft 3 
by being transmitted to the output shaft 3 via the output shaft 8a, warm one 8b, and the worm gear 7, 
and controlling suitably the torque and hand of cut of the electric motor 8, 

[0013]And as drawing 1 and the input shaft 2, the output shaft 3 (only end), and the torsion bar spring 4 
are shown in .drawjng..2^^ is a perspective view in the state where it decomposed according to each, 
The cylindrical member 10 of closing in is allocated in the peripheral face of the portion close to the 
output shaft 3 of the input shaft 2 so that the major diameter 2A of the input shaft 2 and the same axle 
may be formed, the peripheral face of this major diameter 2A may be approached and this may be 
surrounded, 

[0014]That is, the cylindrical member 10 is formed from a nonmagnetic material (for example, aluminum) 
with conductivity, and the lower end part is being fixed to the input-shaft 2 side-edge-part peripheral face 
of the output shaft 3. 

[0015]As shown in drawin g 5 w hich is a sectional view in the state where drawing 4 (a) which is a 
sectional view of drawing 3 and output-shaft 3 end whose drawing 2 of output-shaft 3 end is a 
perspective view from a different direction, the torsion bar spring 4, and the cylindrical member 10 were 
fixed, specifically. The major diameter 3A is formed in input-shaft 2 side edge part of the output shaft 3, 
and the shaft-orientations slot 1 1 on the plurality (this example 4) which extends in shaft orientations, and 
the hoop direction slot 12 which followed the hoop direction are formed in the peripheral face of that 
major diameter 3A, Drawing 4 (b) is the direction view figure of A of the (a), and the (a) is equivalent to 
the B-B line sectional view of the (b). Drawing 5 (a) is equivalent to the C-C line sectional view of the (b). 
[0016]And regular intervals (90 degrees) leave each shaft-orientations slot 11 of each other to a hoop 
direction, and it is formed over between the both ends of the major diameter 3A, and when the hoop 
direction slot 12 fixes the cylindrical member 10, it is formed in the neighborhood in which the end of the 
cylindrical member 10 is located, 

[0017]On the other hand, the hemispherical projection 13 of plurality (this example four) is formed in the 
inner skin of the cylindrical member 10 at the position watch for was kept a little from that lower end part. 



The number and the formation position of these projections 13 support the shaft-orientations slot 1 1 of 
the output shaft 3, therefore it is [ regular intervals (90 degrees) ] mutually separated from the projection 
13 to the hoop direction. The height of the projection 13 is comparable as the depth of the shaft- 
orientations slot 11. 

[0018]And when the cylindrical member 10 is fixed to the major diameter 3A. Position the hoop direction 
to the output shaft 3 of the cylindrical member 10, and push in the cylindrical member 10, the end is 
made to approach the hoop direction slot 12, and cylindrical member 10 end is made to eat into the hoop 
direction slot 12 in total inside in the state by making the projection 13 fit into the shaft-orientations slot 
1 1 . That is, the hoop direction position of the cylindrical member 10 to the output shaft 3 is fixed when 
the projection 13 fits into the shaft-orientations slot 11, and the axial position of the cylindrical member 10 
to the output shaft 3 is being fixed when the end eats into the hoop direction slot 12, 
[0019]While the spline hole 3B for spline combining with the torsion bar spring 4 is formed in input-shaft 2 
side edge part of the output shaft 3 at the same axle, the scalpel stopper 14 is formed in the end face 
side inner skin of the spline hole 3B. The scalpel stopper 14 is a hole of a cross-joint form which has the 
four crevices 14A where inner skin was dented on the diameter direction outside, as illustrated in detail 
by drawing 4. 

[0020]And the male stopper 15 is formed in the end of the input shaft 2 corresponding to the scalpel 
stopper 14. The male stopper 15 is the four heights 15A projected on the diameter direction outside an 
axis of a cross-joint form which it has, and a peripheral face so that it may be illustrated in detail by 
drawing 2 the width of the hoop direction of each heights 15A, Rather than the width of the hoop direction 
of the crevice 14A, it is small a little and this regulates the relative rotating between the input shaft 2 and 
the output shaft 3 to a predetermined angle range (about **5 times). 

[0021 ]0n the other hand into the portion which surrounds the major diameter 2A after the assembly of 
the cylindrical member 10. Two or more windows 10a of the rectangle which carried out regular-intervals 
isolation are formed in a hoop direction at a side far from the projection 13, and two or more windows 
10b of the rectangle which carried out regular-intervals isolation are formed in the hoop direction so that 
the windows 10a, ~, 10a and a phase may shift to the side near the projection 13 180 degrees. 
[0022]On the other hand, two or more slots 2a which extend in shaft orientations are formed in the major 
diameter 2A of the input shaft 2 at equal intervals. However, the number of the slot 2a is the same as 
each number of the windows 10a and 10b. 

[0023]When relative rotating has not arisen between the input shaft 2 and the output shaft 3 (when 
steering torque is zero) And the crosswise center of each slot 2a, It is located so that a phase with the 
crosswise center of the window 10a may be 90 degrees, and it is located so that the phase of the 
crosswise center of each slot 2a and the crosswise center of the window 10b may be 90 degrees to an 
opposite direction. 

[0024]That is, when assembling the input shaft 2, the output shaft 3, the torsion bar spring 4, and the 
cylindrical member 10, it is required to perform phase doubling of the input shaft 2 and the cylindrical 
member 10 so that the lap condition of the slot 2a and the windows 10a and 10b may be as mentioned 
above, but. It is fixed to the output shaft 3, and since the input shaft 2 and the output shaft 3 are what is 
combined via the torsion bar spring 4, the cylindrical member 10 determines the phase relation of each 
part as follows. 

[0025]First, the male stopper 15 with which steering torque was formed in the input shaft 2 on the 



occasion of zero, . The scalpel stopper 14 formed in the output shaft 3 is put together in a center valve 
position. That is, since the heights 15A should just be located in the center section of the crevice 14A, 
nnake the hoop direction position of each heights 15A of the male stopper 15 into the standard at the time 
of considering the phase of each part of the input shaft 2, and let the hoop direction position of each 
crevice 1 4A of the scalpel stopper 1 4 be a standard at the time of considering the phase of each part of 
the output shaft 3. 

[0026]Then, about the input shaft 2, the hoop direction position of the slots 2a, --, 2a formed in the major 
diameter 2A is determined on the basis of the heights 15A, On the other hand, about the output shaft 3, 
the hoop direction position of the shaft-orientations slots 11,--, 11 formed in the peripheral face of the 
major diameter 3A is determined on the basis of the crevice 14A. 

[0027]About the cylindrical member 10, each window 10a, ~, the hoop direction position of 10a, 10b, ~, 
10b are determined on the basis of the projection 13. Thus, if the hoop direction position of each part is 
determined, in particular when assembling, even if it does not carry out phase doubling of a cylindrical 
member, the phase relation with 10a, 10b, ~, 10b is as mentioned above by each slots 2a, ~, 2a, each 
window 10a and ~, and performing neutral doubling of a stopper. 

[0028]And in order to obtain such phase relation certainly, the process tolerance of each part is very 
important. So, in this embodiment, while forming the slot 2a and the male stopper 15 in the input shaft 2 
and one with cold forging about the input shaft 2, about the output shaft 3, it is supposed that the slot 1 1 
is formed in the output shaft 3 and one with cold forging. 

[0029]lt returns to drawing 1 , and inside the upper part housing 1 A, the yoke 20 which consists of a 
magnetic material which supports the bobbin around which the coils 20A and 20B of the same standard 
were twisted to the inner circumference side is being fixed so that the cylindrical member 10 may be 
surrounded. However, the coils 20A and 20B are the cylindrical member 10 and the same axle, one coil 
20A surrounds the portion in which the windows 10a, ~, 10a of the cylindrical member 10 were formed, 
and the coil 20B of another side is surrounding the portion in which the windows 10b, ~, 10b of the 
cylindrical member 10 were formed. 

[0030]And the end 20a of each coils 20A and 208 is connected to the substrate 22 accommodated in the 
sensor case 21 formed in the upper part housing 1 A, and the motor control circuit which is not illustrated 
is constituted on the substrate 22. Since the concrete composition of a motor control circuit is not a gist 
of this invention, do not explain in detail, but so that it may be indicated by above-mentioned JP,8- 
240491 ,A, for example. The oscillation part which supplies the alternating current of predetermined 
frequency to the coils 20A and 20B, The 1st rectification smoothing circuit that rectifies and carries out 
smoothness and outputs the self-induction electromotive force of the coil 20A, The 2nd rectification 
smoothing circuit that rectifies and carries out smoothness and outputs the self-induction electromotive 
force of the coil 20B, The differential amplifier which amplifies and outputs the difference of the output of 
the 1st and 2nd rectification smoothing circuit. The noise rejection filter which removes a high frequency 
noise from the output of the differential amplifier. Based on the output of a noise rejection filter, calculate 
the direction and size of relative rotating displacement of the input shaft 2 and the cylindrical member 10, 
and to the result For example, the torque operation part which asks for the steering torque which 
multiplied by the predetermined proportionality constant and has been generated in the steering system, 
The motor driving section which supplies driving current which the steering assistance torque which 
reduces steering torque based on the result of an operation of torque operation part generates to the 



electric motor 8 can be had and constituted. 

[0031]Next, operation of this embodiment is explained. Now, a steering system is in a rectilinear- 
propagation state, and if steering torque shall be zero, relative rotating will not be produced between the 
input shaft 2 and the output shaft 3. Therefore, relative rotating is not produced between the input shaft 2 
and the cylindrical member 1 1 . 

[0032]On the other hand, if a steering wheel is steered and torque arises in the input shaft 2, the torque 
will be transmitted to the output shaft 3 via the torsion bar spring 4. Since the resistance force according 
to frictional forces, such as frictional force between a steering wheel and a road surface and engagement 
of the gear of a rack and pinion type steering system, arises in the output shaft 3 at this time, The relative 
rotating in which the output shaft 3 is between the input shaft 2 and the output shaft 3 when the torsion 
bar spring 4 is twisted occurs, and relative rotating arises also between the input shaft 2 and the 
cylindrical member 10. And the direction and quantity of the relative rotating are decided according to the 
steering direction and the generated steering torque of a steering wheel. 

[0033]When relative rotating arises between the input shaft 2 and the cylindrical member 10, the slot 2a 
and the windows 10a, --, 10a, Since the lap condition with 10b, --, 10b changed from the original state 
and has set up the phase relation of the slots 10a, --, 10a and the slots 10b, --, 10b as mentioned above, 
The lap condition of the slot 2a and the windows 10a, --, 10a and the lap condition of the slot 2a and the 
windows 10b, -, 10b change to an opposite direction mutually. 

[0034]As a result, since the self-inductance of the coil 20A and the self-inductance of the coil 20B change 
to an opposite direction mutually according to the relative rotating between the input shaft 2 and the 
cylindrical member 10, the self-induction electromotive force of these coils 20A and 20B also comes to 
change to an opposite direction mutually. Therefore, if the difference of the self-induction electromotive 
force of the coils 20A and 20B is searched for, the difference will come to change linearly according to 
the direction and size of steering torque. On the other hand, change of the self-inductance by 
temperature etc. is canceled in the differential amplifier in a motor control circuit. 
[0035]And the torque operation part in a motor control circuit asks for steering torque based on the 
output of the differential amplifier, and a motor driving section supplies the driving current according to 
the direction and size of the steering torque to the electric motor 8. Then, in an electric motor, the torque 
according to the direction and size of steering torque which have been generated in the steering system 
occurs. Since the torque is transmitted to the output shaft 3 via warm one 8b and the worm gear 7, it 
means that steering assistance torque was given to the output shaft 3, steering torque decreases, and a 
driver's burden is eased. 

[0036]And in order to form two or more shaft-orientations slots 1 1 and hoop direction slots 12, to make 
the projection 13 of the cylindrical member 10 fit into the shaft-orientations slot 1 1 and to make the end of 
the cylindrical member 10 eat into the end of the output shaft 3 in total in this embodiment in the hoop 
direction slot 12, Even if it is between the members from which a material called the iron output shafts 3 
and the cylindrical member 10 made from aluminum differs, it originates in the difference in a coefficient 
of thermal expansion, etc., and holding power does not decrease. For this reason, the relative hoop 
direction position and axial position to the output shaft 3 of the cylindrical member 10 shift from the 
original state, and a possibility that it will be contained in a torque detection value can be reduced 
substantially. Therefore, it is very suitable as a torque sensor for motor power steering systems which 
needs high reliability from a point of safety. 



[0037]ln this embodiment, since the shaft-orientations slot 1 1 is formed in the output shaft 3 and one with 
cold forging while forming the slot 2a and the male stopper 15 in the input shaft 2 and one with cold 
forging, there is also an advantage that phase doubling at the time of an assembly is easy, and can 
contribute to reduction of a manufacturing cost, 

[0038]Here, in this embodiment, the input shaft 2 is equivalent to the 2nd axis of rotation, and the output 
shaft 3 is equivalent to the 1st axis of rotation. Although the above-mentioned embodiment explained the 
case where the torque sensor concerning this invention was applied to the motor power steering system 
for vehicles, it is not limited to this, and even if it is a torque sensor of other uses, naturally this invention 
is applicable. 
[0039] 

[Effect of the lnvention]As explained above, according to this invention, the hoop direction slot which 
followed two or more shaft-orientations slots with which it extends in shaft orientations, and a hoop 
direction is formed in the outer-periphery-of-end side of the side which fixes the cylindrical member of the 
1st axis of rotation. Two or more projections which fit into each of two or more shaft-orientations slots are 
formed in the inner skin of a cylindrical member. Preventing rotation of a cylindrical member and having 
prevented the displacement to the shaft orientations by fitting said projection into a shaft-orientations slot, 
by closing the portion attached outside said hoop direction slot on the cylindrical member A sake, A 
possibility that the hoop direction position and axial position of a cylindrical member to the 1st axis of 
rotation will shift can be reduced, and it is effective in the ability to consider it as a reliable torque sensor. 



[Translation done.] 



